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1.   Introduction
[bookmark: _Hlk492027000]This contribution is providing some missing parts of NR Rel-16 specification regarding to the introduction of “Low PAPR RS” even though we have already good implementation with the excellent effort from the specification editors. 
The proposed updates are listed as below.  
· Proposals for alignment of RRC parameter: from RAN2 running CR
· Some typos are corrected.
· Missing agreements not implemented are corrected.
· New low PAPR DMRS for pi/2 BPSK is applicable only to PUSCH scheduled in USS
· Clarify the limitation of DMRS multiplexing capability for PUCCH which is not clearly shown in the specification.  
· Clarify the conditions to apply the existing tables but new tables. 
2.    TS 38.211

Typos are updated and RRC parameter names are aligned with the running CR of TS38.331. 
====================================================================================
[bookmark: _Toc19796449][bookmark: _Toc26459675][bookmark: _Toc29230325]6.4.1	Reference signals
[bookmark: _Toc19796450][bookmark: _Toc26459676][bookmark: _Toc29230326]6.4.1.1	Demodulation reference signal for PUSCH
[bookmark: _Toc19796451][bookmark: _Toc26459677][bookmark: _Toc29230327]6.4.1.1.1	Sequence generation
6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence  shall be generated according to

.

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with


where  is the OFDM symbol number within the slot,  is the slot number within a frame, and
-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1 or 0_2, or by a PUSCH transmission with a configured grant; 
-	 is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI; 
-	 are, for each msgA PUSCH configuration, given by the higher-layer parameters msgA-scramblingID0 and msgA-scramblingID1, respectively, in the msgA-DMRS-Configuration IE if provided and the PUSCH transmission is triggered by a Type-2 random access procedure as described in clause 8.1A of [5, TS 38.213];

-	 otherwise;
[bookmark: _Hlk26403688]-	 and  are given by
-	if the higher-layer parameter DMRSdmrs-Uuplink-r16 in the DMRS-UplinkConfig IE is provided

	where  is the CDM group defined in clause 6.4.1.1.3.
-	otherwise 

The quantity  is indicated by the DM-RS initialization field, if present, either in the DCI associated with the PUSCH transmission if DCI format 0_1 or 0_2, in [4, TS 38.212] is used or by the higher layer parameter dmrs-SeqInitialization, if present, for a Type 1 PUSCH transmission with a configured grant, otherwise .
<Unchanged Parts are omitted>
[bookmark: _Toc19796501][bookmark: _Toc26459727][bookmark: _Toc29230377]7.4.1.1	Demodulation reference signals for PDSCH
[bookmark: _Toc19796502][bookmark: _Toc26459728][bookmark: _Toc29230378]7.4.1.1.1	Sequence generation

The UE shall assume the sequence  is defined by

.

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with


where  is the OFDM symbol number within the slot,   is the slot number within a frame, and
-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_1 or 1_2 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI
-	 is given by the higher-layer parameter scramblingID0 in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;
-	 otherwise; 
-	 is given by

	if the higher-layer parameter DMRSdmrs-Ddownlink-r16 in the DMRS-DownlinkConfig IE is provided, otherwise by 

-	 is the CDM group defined in clause 7.4.1.1.2.
The quantity  is given by the DM-RS sequence initialization field, if present, in the DCI associated with the PDSCH transmission if DCI format 1_1 or 1_2 in [4, TS 38.212] is used, otherwise .
====================================================================================

There is one agreement for the applicability of new sequence according to the search spaces to schedule the PUSCH. And, this is not clearly implemented. 
	Agreement
When scheduled by DCI format 0_0 with CSS, the new Rel-16 DMRS is not supported.



====================================================================================
6.4.1.1.1.2	Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence  shall be generated according to


where  with  and  depends on the configuration:
-	if the higher-layer parameter DMRSdmrs-UuplinkTransformPrecoding-r16 is configured, π/2-BPSK modulation is used for PUSCH, the PUSCH is scheduled by PDCCH in USS and the PUSCH transmission is not a msg3 transmission,  is given by clause 5.2.3 with  given by

	where  is the OFDM symbol number within the slot in case of single-symbol DM-RS or the OFDM symbol number in the slot of the first DM-RS symbol in a symbol pair in case of double-symbol DM-RS;  is given by	the DCI according to clause 7.3.1.1.2 and 7.3.1.1.3 in  [4, TS38.212] for a transmission scheduled by DCI format 0_1,  DCI format 0_2 and by the higher-layer parameter antennaPort for a PUSCH transmission scheduled by a type-1 configured grant; and
-	 are given by the higher-layer parameters pi2BPSK-SscramblingID0 and pi2BPSK-SscramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1, DCI format 0_2 or by a PUSCH transmission with a configured grant; 
-	 is given by the higher-layer parameter pi2BPSK-SscramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;
-	 otherwise; 
-	otherwise,  is given by clause 5.2.2.
====================================================================================
There is one agreement for the multiplexing capability for PUCCH format 3/4 when new sequence is used. In order to avoid misunderstanding, it is proposed to fix “orthogonal sequence index, n” shall be 0 when new sequence is applied. Also, the last paragraph should be under the condition of “otherwise”. 
	Agreement
The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port



====================================================================================
[bookmark: _Toc19796468][bookmark: _Toc26459694][bookmark: _Toc29230344]6.4.1.3.3	Demodulation reference signal for PUCCH formats 3 and 4
[bookmark: _Toc19796469][bookmark: _Toc26459695][bookmark: _Toc29230345]6.4.1.3.3.1	Sequence generation
The reference-signal sequence  shall be generated according to


where  is given by clause 6.3.2.6.3 and  depends on the configuration:
-	if the higher-layer parameter dmrs-DMRSuUplinkTransformPrecodingPUCCH-r16 is configured,  is given by clause 5.2.3 with  given by clause 6.4.1.3.2.1. The sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift  depends on the cyclic shift hopping in clause 6.3.2.2.2. The orthogonal sequence index = 0.
-	otherwise,  is given by clause 6.3.2.2. 
The cyclic shift  varies with the symbol number and slot number according to clause 6.3.2.2.2 with [image: ] for PUCCH format 3 without interlaced mapping and obtained from Table 6.4.1.3.3.1-1 with the orthogonal sequence index  given by clause 6.3.2.6.3 for PUCCH format 3 with interlaced mapping and PUCCH format 4.

The cyclic shift  varies with the symbol number and slot number according to clause 6.3.2.2.2 with [image: ] for PUCCH format 3 without interlaced mapping and obtained from Table 6.4.1.3.3.1-1 with the orthogonal sequence index  given by clause 6.3.2.6.3 for PUCCH format 3 with interlaced mapping and PUCCH format 4.
Table 6.4.1.3.3.1-1: Cyclic shift index  for PUCCH format 3 with interlaced mapping and PUCCH format 4.
	Orthogonal sequence index 
	Cyclic shift index [image: ]

	
	
	
	

	0
	0
	0
	0

	1
	-
	6
	6

	2
	-
	-
	3

	3
	-
	-
	9



====================================================================================


3.    TS 38.212
The condition to apply new tables are not correctly described. Even when dmrs-UplinkTransformPrecoding-r16 and tp-pi2BPSK are both configured, other than pi/2-BPSK modulation, UE shall use the original table but new table. Thus, the condition, modulation order is pi/2-BPSK, shall be added in the existing table.
Also, dmrs-UplinkTransformPrecoding-r16 can be configured only when tp-pi2BPSK is configured, so simply the condition can be “dmrs-UplinkTransformPrecoding-r16 is configured, and modulation order is pi/2 BPSK.”
The introduction of low PAPR LS shall be applied to DCI Format 0_2, and the same correction shall be applied.     
====================================================================================
[bookmark: _Toc29327758][bookmark: _Toc29326608][bookmark: _Toc26467247][bookmark: _Toc19798776]7.3.1.1.2	Format 0_1
<unchanged text omitted>
-	Antenna ports – number of bits determined by the following
-	2 bits as defined by Tables 7.3.1.1.2-6, if transform precoder is enabled, dmrs-Type=1, and maxLength=1, except that DMRSudmrs-UplinkTransformPrecoding-r16 andtp-pi2BPSK are bothis configured and modulation order is pi/2 BPSK;
-	2 bits as defined by Tables 7.3.1.1.2-6A, if transform precoder is enabled and DMRSudmrs-UplinkTransformPrecoding-r16 and tp-pi2BPSK are bothis configured, modulation order is pi/2 BPSK, dmrs-Type=1, and maxLength=1, where nSCID is the scrambling identity for antenna ports defined in [Clause 6.4.1.1.1, TS38.211];
-	4 bits as defined by Tables 7.3.1.1.2-7, if transform precoder is enabled, dmrs-Type=1, and maxLength=2, except that DMRSudmrs-UplinkTransformPrecoding-r16 and tp-pi2BPSK are bothis configured and modulation order is pi/2 BPSK;
-	4 bits as defined by Tables 7.3.1.1.2-7A, if transform precoder is enabled and DMRSudmrs-UplinkTransformPrecoding-r16 and tp-pi2BPSK are bothis configured, modulation order is pi/2 BPSK, dmrs-Type=1, and maxLength=2, where nSCID is the scrambling identity for antenna ports defined in [Clause 6.4.1.1.1, TS38.211];
<unchanged text omitted>

Table 7.3.1.1.2-6: Antenna port(s), transform precoder is enabled, dmrs-Type=1, maxLength=1, except that DMRSudmrs-UplinkTransformPrecoding-r16 and tp-pi2BPSK are bothis configured, and modulation order is pi/2 BPSK
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3



Table 7.3.1.1.2-6A: Antenna port(s), transform precoder is enabled, DMRSudmrs-UplinkTransformPrecoding-r16 and tp-pi2BPSK are bothis configured, modulation order is pi/2 BPSK, dmrs-Type=1, maxLength=1
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0, nSCID= 0

	1
	2
	0, nSCID= 1

	2
	2
	2, nSCID= 0

	3
	2
	2, nSCID= 1



Table 7.3.1.1.2-7: Antenna port(s), transform precoder is enabled, dmrs-Type=1, maxLength=2, except that DMRSudmrs-UplinkTransformPrecoding-r16 and tp-pi2BPSK areis both configured, and modulation order is pi/2 BPSK

<unchanged text omitted>
[bookmark: _Toc29327759][bookmark: _Toc29326609]7.3.1.1.3	Format 0_2
<unchanged text omitted>
[bookmark: _Hlk32501127]-	Antenna ports – number of bits determined by the following:
-	0 bit if both higher layer parameter dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and higher layer parameter dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2 are not configured;
-	2, 3, 4, or 5 bits otherwise,
-	2 bits as defined by Tables 7.3.1.1.2-6, if transform precoder is enabled, dmrs-Type=1, and maxLength=1, except that dmrs-UplinkTransformPrecoding-r16 is configured and modulation order is pi/2 BPSK;
-	2 bits as defined by Tables 7.3.1.1.2-6A, if transform precoder is enabled and dmrs-UplinkTransformPrecoding-r16 is configured, modulation order is pi/2 BPSK, dmrs-Type=1, and maxLength=1, where nSCID is the scrambling identity for antenna ports defined in [Clause 6.4.1.1.1, TS38.211];
-	4 bits as defined by Tables 7.3.1.1.2-7, if transform precoder is enabled, dmrs-Type=1, and maxLength=2, except that dmrs-UplinkTransformPrecoding-r16 is configured and modulation order is pi/2 BPSK;
-	4 bits as defined by Tables 7.3.1.1.2-7A, if transform precoder is enabled and dmrs-UplinkTransformPrecoding-r16 is configured, modulation order is pi/2 BPSK, dmrs-Type=1, and maxLength=2, where nSCID is the scrambling identity for antenna ports defined in [Clause 6.4.1.1.1, TS38.211];

====================================================================================

4. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have provided the following CR for the latest updated specification on “Low PAPR RS”
· Proposals for alignment of RRC parameter: from RAN2 running CR
· Some typos are corrected.
· Missing agreements not implemented are corrected.
· New low PAPR DMRS for pi/2 BPSK is applicable only to PUSCH scheduled in USS
· Clarify the limitation of DMRS multiplexing capability for PUCCH which is not clearly shown in the specification.  
· Clarify the conditions to apply the existing tables but new tables. 

5. [bookmark: _Hlk4746949][bookmark: OLE_LINK9]References
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